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(57) ABSTRACT

Provided is a charging roll, including a core body, and an
elastic layer that is disposed on an outer circumferential sur-
face of the core body, wherein, with respect to an approxima-
tion curve that extends an outer curve of the axial direction of
the core body of an outer circumferential surface in a region
other than both end portions of the outermost layer up to both
end portions of the outermost layer, a maximum increase
amount of the outer curve in both end portions of the outer-
most layer is equal to or less than 60 pm, and wherein a
coefficient of friction of the outer circumferential surface at a
position showing the maximum increase amount of the outer
curve in both end portions of the outermost layer is equal to or
less than 0.3, and a variation amount of the coefficient of
friction is equal to or less than 30%.

10 Claims, 7 Drawing Sheets
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CHARGING ROLL, PROCESS CARTRIDGE,
AND IMAGE FORMING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
USC 119 from Japanese Patent Application No. 2014-170883
filed Aug. 25, 2014.

BACKGROUND
Technical Field

The present invention relates to a charging roll, a process
cartridge, and an image forming apparatus.

SUMMARY

According to an aspect of the invention, there is provided a
charging roll, including:

a core body in a cylindrical shape or in a columnar shape;
and

an elastic layer that is disposed on an outer circumferential
surface of the core body in a cylindrical shape,

wherein, when measuring an outer shape of an outermost
layer along an axial direction of the core body, with respect to
an approximation curve that extends an outer curve of the
axial direction of the core body of an outer circumferential
surface in a region other than both end portions of the outer-
most layer up to both end portions of the outermost layer, a
maximum increase amount of the outer curve in both end
portions of the outermost layer is equal to or less than 60 um,
and

wherein a coefficient of friction of the outer circumferen-
tial surface at a position showing the maximum increase
amount of the outer curve in both end portions of the outer-
most layer is equal to or less than 0.3, and a variation amount
of the coefficient of friction in a circumferential direction is
equal to or less than 30%.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described in detail based on the following figures, wherein:

FIG. 1 is a schematic perspective view illustrating an
example of a configuration of a charging roll according to an
exemplary embodiment;

FIG. 2 is a view illustrating an example of an outer shape of
a front surface layer and an approximation curve in an axial
direction of a core body;

FIG. 3 is a view illustrating an end portion increase amount
by enlarging an end portion which is surrounded by X in FIG.

FIG. 4 is a schematic view illustrating an example of a
configuration of an extrusion molding machine which is pro-
vided with a cross head;

FIG. 5 is a schematic view illustrating an example of a
position at which an elastic layer before vulcanization is held
and cut;

FIG. 6 is a schematic view illustrating an example of a
configuration of a charging device according to the exem-
plary embodiment;

FIG. 7 is a schematic view illustrating an example of a
configuration of an image forming apparatus according to the
exemplary embodiment; and
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FIG. 8 is a schematic view illustrating an example of a
configuration of a process cartridge according to the exem-
plary embodiment.

DETAILED DESCRIPTION

An example of a charging roll, a charging device, a process
cartridge and an image forming apparatus according to an
exemplary embodiment of the present invention will be
described in detail.

Charging Roll

The charging roll according to the exemplary embodiment
at least includes a core body in a cylindrical shape or in a
columnar shape and an elastic layer which is disposed on an
outer circumferential surface of the core body in a cylindrical
shape. When measuring an outer shape of an outermost layer
along an axial direction of the core body, with respect to an
approximation curve which extends an outer curve of the
axial direction of the core body of an outer circumferential
surface in a region other than both end portions of the outer-
most layer up to both end portions of the outermost layer, a
maximum increase amount of the outer curve in both end
portions of the outermost layer is equal to or less than 60 um,
the coefficient of friction of the outer circumferential surface
at a position showing the maximum increase amount of the
outer curve in both end portions of the outermost layer is
equal to or less than 0.3, and a variation amount of the coef-
ficient of friction in a circumferential direction is equal to or
less than 30%.

In general, the charging roll is used by being supported by
a bearing in which both end portions of the core body are
made of resin, being pushed to an image holding member by
using a spring, and rotating with respect to the image holding
member in a driven manner. Since both end portions of the
charging roll are supported and pressed to the image holding
member, the core body is bent. In order to correct a bending
amount, for example, a uniformity of a contact portion
between the charging roll and the image holding member is
ensured by making the elastic layer have a crown shape.

The charging roll originally rotates in a driven manner with
respect to the image holding member. However, there is a case
where the charging roll may be used for a long period of time
because of recently improved durability, a foreign matter is
incorporated into a bearing portion of the charging roll
according to the long period of use, and rotation of the charg-
ing roll may be interrupted. Furthermore, in recent years,
there has been a case where the charging roll is equipped with
a charging roll cleaning member which rotates in a driven
manner with respect to the charging roll which has a roll
shape. Similarly to the case of a charging roll, in a case where
the rotation is interrupted by the bearing portion of the charg-
ing roll cleaning member, the rotation of the charging roll is
interrupted by the charging roll cleaning member. As a result
the rotation of the charging roll in a driven manner with
respect to the rotation of the image holding member is inter-
rupted, and the charging roll rotates with a circumferential
speed difference.

When the charging roll rotates with a circumferential speed
difference (circumferential speed of the charging
roll<circumferential speed of the image holding member)
with respect to the image holding member, a shearing force
operates in a rotation direction in the charging roll. In this
case, when there is a shape change in which an outer diameter
increases at a part which has strong contact pressure, that is,
at an end portion, or when there is an unevenness in the
coefficient of friction in the rotation direction caused by a
coverage state of a front surface layer and the coefficient of
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friction changes, a stronger shearing force operates. As a
result, the shearing force exceeds a fracturing strength of the
elastic layer, and the front surface layer or the elastic layer is
damaged.

As described above, itis assumed that the end portion of the
outermost layer is damaged because the charging roll has the
circumferential speed difference with respect to the image
holding member, and the charging roll does not rotate in a
driven manner and receives the shearing force in the rotation
direction in the contact portion between the image holding
member and the charging roll. As a method for suppressing
occurrence of a fracture in the end portion of the outermost
layer, for example, a countermeasure to improve an strength
of'the elastic layer is considered. However, in order to obtain
a characteristic value which is required for the charging roll,
it is not preferable to easily change characteristics of the
elastic layer. It is preferable to obtain a charging roll of which
the front surface layer is unlikely to be damaged even when a
circumferential speed difference is generated between the
image holding member and the charging roll without chang-
ing the intensity of the elastic layer.

As result of investigation conducted by the inventors
regarding the charging roll in which the front surface layer is
damaged, it is found that, by employing a shape which
decreases the contact pressure in the end portion to which the
highest force is applied in the contact portion which is formed
by the image holding member and the charging roll, the
occurrence of a fracture is suppressed in the end portion, but
a change in the coefficient of friction in the rotation direction
of the charging roll in the end portion further contributes to
occurring a fracture of the front surface layer. By suppressing
the increase amount of a diameter and a variation amount of
the coefficient of friction in the end portion, for example, even
when the circumferential speed of the charging roll decreases
to approximately 30% with respect to the image holding
member, it is found that a fracture of the elastic layer is
unlikely to be generated. In other words, according to the
exemplary embodiment, without changing the intensity of the
elastic layer, even in a case where the rotation of the charging
roll is interrupted when using the roller for a long period of
time, it is possible to obtain a charging roll in which a fracture
of the elastic layer is unlikely to be generated.

In addition, in the charging roll according to the exemplary
embodiment, both end portions of the outermost layer means
a region within 50 mm in the axial direction of the core body
from each end portion of the outermost layer, and a region
other than both end portions means a region of a center part
except the region within 50 mm in the axial direction of the
core body from each end surface of the outermost layer.

FIG. 1 illustrates an example of a configuration of the
charging roll according to the exemplary embodiment. A
charging roll 208 illustrated in FIG. 1 is configured to have a
core body 30 which has a cylindrical shape or a columnar
shape, an elastic layer 31 which is disposed on the outer
circumferential surface other than both end portions of the
core body 30, and a front surface layer 32 which is disposed
on the outer circumferential surface of the elastic layer 31.
The core body 30 and the elastic layer 31 are adhered to each
other by an adhesive layer (not illustrated).

When the outer shape of the front surface layer 32 which is
the outermost layer along the axial direction of the core body
30 is measured, with respect to the approximation curve
which extends the outer curve of the axial direction of the core
body of the outer circumferential surface in the region other
than both end portions of the front surface layer 32 up to both
end portions of the front surface layer 32, the charging roll
208 according to the exemplary embodiment has a configu-
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ration in which the maximum increase amount (there is a case
where the maximum increase amount is termed as a “maxi-
mum end portion increase amount™) of the outer curve in both
end portions of the front surface layer 32 is equal to or less
than 60 pm, the coefficient of friction of the outer circumfer-
ential surface at the position showing the maximum increase
amount of the outer curve in both end portions of the front
surface layer 32 is equal to or less than 0.3, and the variation
amount of the coefficient of friction in the circumferential
direction is equal to or less than 30%.

Maximum End Portion Increase Amount

With respect to the approximation curve which extends the
outer curve of the axial direction of the core body of the outer
circumferential surface in the region other than both end
portions of the outermost layer up to both end portions of the
outermost layer, the charging roll according to the exemplary
embodiment has a maximum increase amount (maximum end
portion increase amount) of the outer curve in both end por-
tions of the outermost layer which is equal to or less than 60
um. From the viewpoint of suppressing occurrence of a frac-
ture in the end portion of the outermost layer, it is preferable
that the maximum end portion increase amount be equal to or
less than 40 um, and it is more preferable that the maximum
end portion increase amount be equal to or less than 30 pm.

The maximum end portion increase amount is obtained as
described below.

First, the outer shape of the front surface layer 32 along the
axial direction of the core body 30 is measured. Specifically,
in each region which is divided up in the circumferential
direction by dividing the front surface layer 32 with a regular
interval into 20 in the circumferential direction, that is, by
dividing with an interval of 360°/20=18°, along the axial
direction illustrated in FIG. 2, a distance from an axis C to the
outer circumferential surface of the front surface layer 32 is
measured, and the outer shape (outer diameter) of the front
surface layer 32 is measured. Here, the outer shape of the
front surface layer 32 is measured by using a Rol12000 manu-
factured by Asaka Riken Co., Ltd.

The approximation curve of the front surface layer 32 in the
axial direction is obtained by approximating the outer curve
as a quadratic curve in a region other than both end portions of
the front surface layer 32, specifically, in a center region
excluding 50 mm in the axial direction from each end portion
of'the front surface layer 32, and by extending the outer curve
up to both end portions of the front surface layer 32. As
illustrated in FIG. 3, with respect to the approximation curve,
the maximum increase amount (end portion increase amount)
of the outer curve in both end portions of the front surface
layer 32 is obtained. In each region obtained by dividing by 20
in the circumferential direction, the outer shape along the
axial direction is measured as described above, the end por-
tion increase amount is obtained from each obtained approxi-
mation curve, and a maximum value of the end portion
increase amount in both end portions is a “maximum end
portion increase amount”.

Coefficient of Friction of End Portion

The charging roll according to the exemplary embodiment
has a coefficient of friction of the outer circumferential sur-
face at a position showing the maximum increase amount of
the outer curve in both end portions of the outermost layer
which is equal to or less than 0.3, and a variation amount of
the coefficient of friction in the circumferential direction
which is equal to or less than 30%. From the viewpoint that
rotation in a driven manner with respect to the image holding
member is ensured, and occurrence of a fracture in the end
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portion of the outermost layer is suppressed, it is preferable
that the above-described coefficient of friction be equal to or
less than 0.2.

In addition, it is preferable that the variation amount of the
coefficient of friction in the circumferential direction be equal
to or less than 20%.

The coefficient of friction of the circumferential surface at
the position showing the maximum increase amount of the
outer curve in both end portions of the outermost layer, spe-
cifically, the coefficient of friction of the outer circumferen-
tial surface at the positions showing the maximum increase
amount of the outer curve in each end portion (region within
50 mm from each end surface) of the front surface layer 32
which is the outermost layer, is measured in the circumferen-
tial direction by using a TRIBOGEAR TYPE: HHS2000 of
Shinto Scientific Co., Ltd.

A state where the coefficient of friction of the outer cir-
cumferential surface at the position showing the maximum
increase amount of the outer curve in both end portions of the
outermost layer is equal to or less than 0.3 means that the
coefficient of friction across the entire end portions when the
coefficient of friction is measured along the circumferential
direction in both end portions of the front surface layer 32
does not exceeds 0.3. A state where the variation amount of
the coefficient of friction in the circumferential direction is
equal to or less than 30% means that the maximum value and
the minimum value of the coefficient of friction measured
along the circumferential direction at the position showing
the maximum increase amount of the outer curve is a range
within £30% or less of an average value.

Next, each configuration member of the charging roll 208
according to the exemplary embodiment will be described in
detail.

Core Body

The core body 30 functions as an electrode and as a sup-
porting member of the charging roll. Examples of materials of
the core body 30 include: a metal or an alloy, such as iron
(free-cutting steel or the like), copper, brass, stainless steel,
aluminum, or nickel; chromium- or nickel-plated iron; or a
conductive material, such as a conductive resin.

Examples of the core body 30 also include a member (for
example, a resin or a ceramic member) which is a conductive
rod-shaped member and of which the outer circumferential
surface is plated, or a member (for example, a resin or a
ceramic member) in which a conducting agent is dispersed.

The core body 30 may be a hollow-shaped member (tubu-
lar member), and may be a non-hollow-shaped member.

Elastic Layer

The elastic layer 31 is disposed in a cylindrical shape (roll
shape) on the outer circumferential surface of the core body
30.

The elastic layer 31 is configured to have, for example, an
elastic member, a conducting agent, and as necessary, other
additives.

As elastic materials, it is preferable to use isoprene rubber,
chloroprene rubber, epichlorohydrin rubber, isobutylene-iso-
prene rubber, polyurethane, silicone rubber, fluororubber,
styrene butadiene rubber, butadiene rubber, nitrile rubber,
ethylene propylene rubber, epichlorohydrin-ethylene oxide
copolymer rubber, epichlorohydrin-ethylene oxide-allyl gly-
cidyl ether copolymer rubber, ethylene-propylene-diene ter-
nary copolymer rubber (EPDM), or acrylonitrile-butadiene
copolymer rubber (NBR), natural rubber, and blend rubber
using these types of rubber. Among these, it is preferable to
use polyurethane, silicone rubber, EPDM, epichlorohydrin-
ethylene oxide copolymer rubber, epichlorohydrin-ethylene
oxide-allyl glycidyl ether copolymer rubber, NBR, and the
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blend rubber using these types of rubber. These elastic mate-
rials may be foamed or may be non-foamed.

Examples of the conducting agent include an electron con-
ducting agent and an ion conducting agent.

Examples of the electron conducting agent include carbon
black powder, such as Ketjen black or acetylene black; ther-
mally decomposed carbon or graphite; various types of con-
ductive metal or alloys, such as aluminum, copper, nickel, or
stainless steel; various types of conductive metal oxides, such
as tin oxide, indium oxide, titanium oxide, a tin oxide-anti-
mony oxide solid solution, or a tin oxide-indium oxide solid
solution; and a material of which a surface made of an insu-
lation material has undergone conductive processing.

Specifically, examples of carbon black include “Special
Black 3507, “Special Black 100”, “Special Black 2507, “Spe-
cial Black 57, “Special Black 47, “Special Black 4A”, “Spe-
cial Black 5507, “Special Black 6, “Color Black FW200”,
“Color Black FW2”, or “Color Black FW2V”, which are
manufactured by Degussa Corporation, and “MONARCH

10007, “MONARCH 13007, “MONARCH 14007,
“MOGUL-L”, or “REGAL 400R”, which are manufactured
by Cabot Corporation.

Examples of the ion conducting agent include: perchlor-
ates or chlorates, such as those of benzyltriethylammonium
chloride, tetracthylammonium, or lauryltrimethylammo-
nium; or perchlorates or chlorates, such as those of alkali
metals or alkaline earth metals including lithium or magne-
sium.

One type of conducting agent may be used independently,
and two or more types of conducting agent may be combined
and used.

It is preferable that an average particle diameter of the
conducting agent be from 1 nm to 200 nm. In addition, the
average particle diameter is measured by observing the con-
ducting agent with an electronic microscope, measuring
diameters of 100 particles of the conducting agent, and cal-
culating the average thereof.

The added amount of the conducting agent in the elastic
layer 31 is not particularly limited. However, it is preferable
that the added amount be in a range from 1 parts by weight to
30 parts by weight, with respect to 100 parts by weight of the
elastic material in a case of the electron conducting agent. It
is more preferable that the added amount be in a range from
15 parts by weight to 25 parts by weight.

Meanwhile, in a case of the ion conducting agent, it is
preferable that there be 0.1 parts by weight to 5.0 parts by
weight of the ion conducting agent, and it is more preferable
that there be 0.5 parts by weight to 3.0 parts by weight of ion
conducting agent, with respect to 100 parts by weight of the
elastic material.

Examples of other additives which are mixed into the elas-
ticlayer 31 include a material which may be added to a known
elastic layer, such as a softener, a plasticizer, a hardener, a
vulcanizing agent, a vulcanization accelerator, an antioxi-
dant, a surfactant, a coupling agent, or a filler (silica or cal-
cium carbonate).

When forming the elastic layer 31, a mixing method or a
mixing order of the conducting agent, the elastic material, and
other components (each component, such as the vulcanizing
agent or a foaming agent which is added as necessary) which
constitute the elastic layer 31 is not particularly limited. How-
ever, as a general method, a method for mixing all the com-
ponents with a tumbler ora V blender in advance, melting and
mixing with an extruder, and extrusion-molding, may be
employed. For example, after forming an unvulcanized rub-
ber composition layer on the outer circumferential surface of
the core body by using a rubber roller manufacturing device
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which will be described later, it is possible to form the elastic
layer by causing a cross-linking reaction.

It is preferable that a thickness of the elastic layer be
approximately from 1 mm to 10 mm, and it is more preferable
that the thickness be approximately from 2 mm to 5 mm.

In addition, it is preferable that a volume resistivity of the
elastic layer be from 10°> Qcm to 10 Qcm.

Front Surface Layer

The front surface layer 32 is a layer which is arbitrarily
provided for preventing contamination mainly by a toner or
the like, and is formed so that particles are dispersed in a
binder resin.

Examples of the binder resin which is used in the front
surface layer 32 include a urethane resin, a polyester resin, a
phenol resin, an acrylic resin, an epoxy resin, polyamide resin
or a cellulose.

Particles contained in the front surface layer 32 are used in
order to perform resistance control by using the conductive
material, reduce a change in a resistance value of the front
surface layer 32 due to environment, obtain stabilized charg-
ing characteristics, decrease the coefficient of friction
between the image holding member and the front surface
layer by controlling an unevenness of the front surface layer
of'the roller, and improve a wear resistance between the image
holding member and the front surface. In addition, it is pos-
sible to use the additive in order to improve adhesiveness
between a lower layer (for example, the elastic layer 31) and
the front surface layer and control dispersion of the particles
in the binder resin.

It is preferable that the conductive particles have a particle
diameter which is equal to or less than 3 um and a volume
resistivity which is equal to or less than 10° Qcm. For
example, it is possible to use particles which is made of a
metal oxide, such as tin oxide, titanium oxide, or zinc oxide,
an alloy of these metal oxides, or carbon black.

As other particles, it is possible to use particles, such as
alumina particles, silica particles, fluorine-based particles,
silicone-based particles, or polyamide-based particles. It is
preferable that the particle diameter be from 3 um to 10 pum.

Specifically, the conductive particles contained in the front
surface layer 32 may influence the volume resistivity of the
charging roll and may select types and content of the particles
according to a target volume resistivity. In general, the con-
ductive particles are mixed in a range from 2 parts by weight
to 20 parts by weight, with respect to 100 parts by weight of
the binder resin included in the front surface layer 32.

From the viewpoint of durability with respect to wear, it is
preferable that a film thickness of the front surface layer 32 be
from 0.01 um to 1000 pm. Furthermore, it is more preferable
that the film thickness be from 0.1 pm to 500 pm, and it is still
more preferable that the film thickness be from 0.5 um to 100
pm.
Manufacturing Method of Charging Roll

A manufacturing method of the charging roll 208 accord-
ing to the exemplary embodiment is not limited. For example,
as illustrated in FIG. 1, in a case where there is the front
surface layer 32 as the outermost layer on the outer circum-
ferential surface ofthe elastic layer 31, the elastic layer 31 and
the front surface layer 32 may be formed so that, when the
outer shape of the front surface layer 32 along the axial
direction of the core body 30 is measured, with respect to the
approximation curve which extends the outer curve of the
axial direction of the core body 30 of the outer circumferential
surface in the region other than both end portions of the front
surface layer 32 to both end portions of the front surface layer
32, the maximum increase amount of the outer curve in both
end portions of the front surface layer 32 is equal to or less
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than 60 pm, the coefficient of friction of the outer circumfer-
ential surface at the position showing the maximum increase
amount of the outer curve in both end portions of the front
surface layer 32 is equal to or less than 0.3, and the variation
amount of the coefficient of friction in the circumferential
direction is equal to or less than 30%.

Hereinafter, an example of the manufacturing method of
the charging roll according to the exemplary embodiment will
be described in detail, but not limited thereto.

FIG. 4 is a schematic view illustrating an example of a
configuration of a rubber roller manufacturing device (the
extrusion molding machine which is provided with a cross
head) which is used in forming the elastic layer in the exem-
plary embodiment.

A rubber roller manufacturing device 210 according to the
exemplary embodiment includes an exhauster 212 which is
configured of the so-called cross head die, a pressurizer 214
which is disposed below the exhauster 212, and a drawing-out
machine 216 which is disposed below the pressurizer 214.

The exhauster 212 includes a rubber material supply por-
tion 218 which supplies an unvulcanized rubber material
(rubber composition for forming the elastic layer), an extru-
sion portion 220 which extrudes the rubber material which is
supplied from the rubber material supply portion 218 in a
cylindrical shape (roll shape), and a core body supply portion
224 which supplies the core body 30 in which the adhesive
layer is formed in a center portion of the rubber material
which is extruded from the extrusion portion 220 in a cylin-
drical shape.

The rubber material supply portion 218 has a screw 228
inside a main body portion 226 which is in a cylindrical shape.
The screw 228 rotates and is driven by a driving motor 230.
An input port 232 to which the rubber material (rubber com-
position) is input is provided on the driving motor 230 side of
the main body portion 226. The rubber material which is input
from the input port 232 is sent out toward the extrusion
portion 220 while being kneaded by the screw 228 inside the
main body portion 226. By adjusting a rotation speed of the
screw 228, a speed for sending out the rubber material is
adjusted.

The extrusion portion 220 includes a cylindrical case 234
which is connected to the rubber material supply portion 218,
a cylindrical mandrel 236 which is disposed in the center of
the inside of the case 234, and an extracting head 238 which
is disposed below the mandrel 236. The mandrel 236 is held
in the case 234 by a holding member 240. The extracting head
238 is held in the case 234 by aholding member 242. Between
an outer circumferential surface (outer circumferential sur-
face of the holding member 240 at a part) of the mandrel 236
and an inner circumferential surface (inner circumferential
surface of the extracting head 238 at a part) of the holding
member 242, a circular flow path 244 in which the rubber
material flows in a circular shape is formed.

An insertion hole 246 into which the core body 30 is
inserted is formed in a center portion of the mandrel 236. A
lower portion of the mandrel 236 has a shape which is tapered
toward an end. A region below the tip end of the mandrel 236
is a merging region 248 where the core body 30 supplied from
the insertion hole 246 and the rubber material supplied from
the circular flow path 244 are merged. In other words, the
rubber material is extruded toward the merging region 248 in
acylindrical shape, and the core body 30 is fed into the center
portion of the rubber material which is extruded in the cylin-
drical shape.

The core body supply portion 224 includes a roller pair 250
which is disposed above the mandrel 236. Plural (three) roller
pairs 250 are provided and the roller on one side of each roller
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pair 250 is connected to a driving roller 254 via a belt 252.
When the driving roller 254 is driven, the core body 30 which
is nipped by each roller pair 250 is sent toward the insertion
hole 246 of the mandrel 236. As the core body 30 has a preset
length, and the core body 30 on a rear side which is sent by the
roller pair 250 pushes the core body 30 on a front side which
exists in the insertion hole 246 of the mandrel 236, plural core
bodies 30 passes through the insertion hole 246 in order. In
addition, the driving of the driving roller 254 is stopped for
now when a one front end of the other core body 30 is
disposed atatip end of the mandrel 236, in the merging region
248 below the mandrel 236, the core body 30 is fed with an
interval.

In this manner, in the exhauster 212, the rubber material is
extruded in a cylindrical shape in the merging region 248, and
the core body 30 in which the adhesive layer is formed with an
interval is fed into the center portion of the rubber material.
Accordingly, the outer circumferential surface of the core
body 30 is covered by the rubber material, and the unvulca-
nized rubber roller in which a rubber roller portion 256 (rub-
ber composition layer) is formed on the outer circumferential
surface of the core body 30 is obtained.

It is preferable that a thickness of the rubber composition
layer be from 1 mm to 10 um, and it is more preferable that the
thickness be from 2 mm to 5 mm.

Next, as the extra rubber composition layer 256 in both end
portions of the core body 30 is cut and removed, and the
cross-linking reaction is generated by heating, the elastic
layer 31 is formed. For example, in an air vulcanization
furnace (hot air heating furnace), vulcanization is performed
at 140° C. to 180° C. for 20 or more minutes and 300 or less
minutes. Accordingly, the rubber roller portion 256 (rubber
composition layer) is cross-linked, and the vulcanized rubber
roller which has the elastic layer 31 is obtained on the adhe-
sive layer.

Here, for example, as illustrated in FIG. 5, when the vicin-
ity of both end portions of the unvulcanized rubber roller is
grasped by grasping members 300A and 300B, and the rubber
roller portion 256 is cut at a position of dotted lines A and B
so that both end portions of the core body 30 are exposed, the
rubber roller portion 256 is slightly recessed at a part grasped
by the grasping members 300A and 300B, and as much as the
rubber roller portion 256 is recessed, the rubber roller portion
256 is in a swollen shape on both sides of the grasped loca-
tions. In addition, it is easy to make a swollen shape even in a
cut location. For this reason, after cutting, a part (hereinafter,
there is a case where the part is called “end portion increase
portion”) in which the outer diameter increases in end portion
of the elastic layer formed to be cross-linked is likely to
remain. When forming the front surface layer on the outer
circumferential surface of the elastic layer having the end
portion increase portion in this manner, a shape of the end
portion increase portion is likely to be reflected even in the
shape of the front surface layer. For this reason, when the
charging roll manufactured in this manner is in contact with
the image holding member and charging is performed, com-
pared to a region other than the end portion, a pressure with
respect to the image holding member increases at the end
portion, and a fracture is likely to occur by friction between
the image holding member and the end portion of the front
surface layer of the charging roll. In addition, friction
between the image holding member and the end portion of the
elastic layer increases when the elastic layer is the outermost
layer without forming the front surface layer, and a fracture is
likely to occur in the end portion.

Here, inthe exemplary embodiment, it is preferable that the
shape of the elastic layer 31 be adjusted so that the maximum
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increase amount of the outer curve in both end portions of the
elastic layer 31 be equal to or less than 60 um. A method for
causing the maximum increase amount of the elastic layer 31
to be equal to or less than 60 um is not particularly limited.

However, for example, a method for adjusting the shape by
chamfering an edge portion of the elastic layer 31 after the
cross-linking reaction, or a method for adjusting the shape by
polishing the end portion, may be employed. In addition, in
general, after forming the elastic layer 31, a chamfering pro-
cess is performed. However, in the exemplary embodiment,
when performing the chamfering process of the edge portion
of'the elastic layer, the shape is adjusted so that the maximum
increase amount is equal to or less than 60 um in the end
portion by adjusting a chamfering shape and a chamfering
amount. In addition, if a required discharging region is
ensured, it is preferable that a region of a chamfering portion
in the end portion of the elastic layer be as large as possible.

After forming the elastic layer 31, the front surface layer 32
is formed on the outer circumferential surface of the elastic
layer 31. The front surface layer 32 is formed so that the
coefficient of friction of the outer circumferential surface at
the position showing the maximum increase amount of the
outer curve in both end portions of the front surface layer 32
is equal to or less than 0.3 and the variation amount of the
coefficient of friction in the circumferential direction is equal
to or less than 30%.

Examples of a forming method of the front surface layer 32
include a forming method by a dipping method, a spraying
method, a vacuum deposition method, or a plasma coating
method on the elastic layer 31, by adjusting a dispersion
liquid for forming the front surface layer which includes the
resin, as necessary, the conducting agent, the particles for
giving the front surface of the front surface layer an uneven-
ness, and other additives in the solvent.

As described above, by adjusting the maximum increase
amount in both end portions in forming the elastic layer 31 to
be equal to or less than 60 um, the end portion of the front
surface layer 32 which is formed on the outer circumferential
surface of the elastic layer 31 is reflected by the shape of the
elastic layer 31, and it is possible to suppress the maximum
end portion increase amount to be equal to or less than 60 pm.

Meanwhile, in forming the front surface layer 32, it is
required that the coefficient of friction of the outer circum-
ferential surface at the position showing the maximum
increase amount of the outer curve in both end portions of the
front surface layer 32 be equal to or less than 0.3, and the
variation amount of the coefficient of friction in the circum-
ferential direction be equal to or less than 30%. Examples of
a method for adjusting the coefficient of friction in end por-
tion of the front surface layer and the variation amount thereof
include a method for adjusting the diameter and the content of
the particles which are contained in coating liquid for forming
the front surface layer which forms the front surface layer 32,
and a method for performing the polishing process in the
circumferential direction of the outer circumferential surface
in both end portions of the front surface layer 32 after forming
the front surface layer 32 on the outer circumferential surface
of' the elastic layer 31.

For example, it is possible to adjust the variation amount of
the coefficient of friction in the circumferential direction to be
equal to or less than 30% by enhancing a uniformity of dis-
persion of the particles in the front surface layer 32.

Charging Device

Next, a charging device according to the exemplary
embodiment will be described. FIG. 6 is a schematic view
illustrating an example of a charging device according to the
exemplary embodiment.
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The charging device according to the exemplary embodi-
ment is in a state where the charging roll according to the
above-described exemplary embodiment is employed.

Specifically, as described in FIG. 6, in a charging device 12
according to the exemplary embodiment, for example, a
charging roll 121 and a cleaning member 122 are disposed to
be in contact with each other with a certain interference. Both
ends in the axial direction of the core body 30 of the charging
roll 121 and a core body 122 A of the cleaning member 122 are
held by a conductive bearing 123 so that each member is free
to rotate. A power source 124 is connected to one side of the
conductive bearing 123.

The cleaning member 122 is a cleaning member for clean-
ing the front surface of the charging roll 121, for example, is
configured in a roll shape. For example, the cleaning member
122 is configured of the core body 122A in a cylindrical shape
or in a columnar shape and an elastic layer 122B on the outer
circumferential surface of the core body 122A.

The core body 122A is a conductive rod-shaped member,
and examples of a material of the core body 122A include
metal, such as iron (free-cutting steel or the like), copper,
brass, stainless steel, aluminum, or nickel. In addition,
examples of the core body 122A include a member (for
example, a resin or a ceramic member) which is plated on the
outer circumferential surface, or a member (for example, a
resin or a ceramic member) in which the conducting agent is
dispersed. The core body 122A may be a hollow-shaped
member (tubular member) or may be a non-hollow-shaped
member.

The elastic layer 122B is made of foaming body having a
three-dimensional porous structure, has a cavity or an
unevenness portion (hereinafter, refer to as a cell) on the
inside or the front surface thereof, and may be have elasticity.
The elastic layer 122B is configured to include a foamable
resin material or the rubber material, such as polyurethane,
polyethylene, polyamide, olefin, melamine, or polypropy-
lene, NBR (acrylonitrile-butadiene copolymer rubber),
EPDM (ethylene-propylene-diene copolymer rubber), natu-
ral rubber, styrene-butadiene rubber, chloroprene, silicone, or
nitrile.

Even among the foamable resin materials and the rubber
materials, in order to efficiently clean a foreign matter, such as
the toner or an external additive by coming into a sliding
contact with the charging roll 121 in a driven manner, to make
it difficult to cause a scratch by a scrape of the cleaning
member 122 on the front surface of the charging roll 121, and
to make it difficult to cause pieces or damage over a long
period of time, polyurethane which has a strong tension or the
like is appropriately employed.

Polyurethane is not particularly limited, and examples of
polyurethane include a reactant, such as polyol (for example,
polyester polyol, polyether polyol, or acrylic polyol), and
isocyanate (2,4-tolylene diisocyanate, 2,6-tolylene diisocy-
anate, 4,4-diphenyl methane diisocyanate, tolidine diisocy-
anate, or 1,6-hexamethylenediisocyanate). Polyurethane may
be areactant by a chain extender (for example, 1,4-butanediol
or trimethylolpropane) of these examples. In addition, poly-
urethane is generally foamed by using the foaming agent
(water or an azo compound (azodicarbonamide or azobi-
sisobutyronitrile)).

The conductive bearing 123 is a member which holds the
charging roll 121 and the cleaning member 122 to be free to
rotate as an integrated body, and which holds a center distance
between the members. The conductive bearing 123 may be
made of any material or may be in any state if the conductive
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bearing 123 is made of a material having a conductivity, and
for example, a conductive bearing or a conductive sliding
bearing may be employed.

The power source 124 is a device which charges the charg-
ing roll 121 and the cleaning member 122 to the identical
polarity by applying a voltage to the conductive bearing 123,
and a known high voltage power source device is used.

In the charging device 12 according to the exemplary
embodiment, for example, by applying the voltage to the
conductive bearing 123 from the power source 124, the charg-
ing roll 121 and the cleaning member 122 are charged to the
identical polarity.

Inaddition, the charging device according to the exemplary
embodiment is not limited to the above-described configura-
tion, and for example, may be in a state where the cleaning
member 122 is not provided.

Image Forming Apparatus

Next, an image forming apparatus according to the exem-
plary embodiment will be described.

The image forming apparatus according to the exemplary
embodiment is configured to have the image holding member,
a charging unit which has the charging roll according to the
exemplary embodiment and charges the image holding mem-
ber by bringing the charging roll into contact with the front
surface of the image holding member, an electrostatic latent
image forming unit which forms the electrostatic latent image
on the front surface of the charged image holding member, a
developing unit which develops the electrostatic latent image
formed on the front surface of the image holding member and
forms a toner image, by a developer including the toner, and
atransferring unit which transfers the toner image to the front
surface of the recording medium.

FIG. 7 is a schematic view illustrating an example of a
basic configuration of the image forming apparatus according
to the exemplary embodiment. An image forming apparatus
401 illustrated in FIG. 7 is an intermediate transfer type image
forming apparatus, and four image holding members (elec-
trophotographic photosensitive body) 1a, 15, 1c, and 1d are
disposed in parallel to each other along an intermediate trans-
fer belt 409 in a housing 400. For example, the image holding
member 1a forms a yellow image, the image holding member
15 forms a magenta image, the image holding member 1c¢
forms a cyan image, and the image holding member 14 forms
a black image, respectively.

Here, the image holding members 1a, 15, 1¢, and 1d which
are mounted on the image forming apparatus 401 are respec-
tively image holding members according to the exemplary
embodiment.

The image holding members 1a, 15, 1¢, and 1d respectively
rotate in one direction (counterclockwise on the paper), and
along the rotation direction thereof, charging rolls 402a,
4025, 402¢, and 4024, developing devices 404a, 4045, 404c,
and 404d, primary transfer rollers 410a, 4105, 410¢, and
410d, and cleaning blades 415a, 41556, 415¢, and 415d are
disposed. The charging rolls 402a, 4025, 402¢, and 402d are
respectively the above-described charging rolls according to
the exemplary embodiment, and a contact charging method is
employed.

The developing devices 404a, 4045, 404c, and 404d
respectively supplies four colors of the toner, such as black,
yellow, magenta, and cyan, accommodated in toner cartridges
405a, 4055, 405¢, and 405d. In addition, the primary transfer
rollers 410a, 4105, 410¢, and 4104 are respectively in contact
with the image holding members 1a, 15, 1¢, and 14 via the
intermediate transfer belt 409.

A laser light source (exposure device) 403 is disposed
inside the housing 400, and front surfaces of the image hold-
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ing members 1la, 15, 1¢, and 1d after being charged is irradi-
ated with laser light emitted from the laser light source 403.

Accordingly, each process of charging, exposing, develop-
ing, primarily transferring, and cleaning (removing the for-
eign matter, such as the toner) is performed in order in rota-
tion process of the image holding members 1a, 15, 1¢,and 14,
and each color of the toner images is transferred to be over-
lapped on the intermediate transfer belt 409. In the case of the
image holding members 1a, 15, 1¢, and 14 after the toner
image is transferred onto the intermediate transfer belt 409,
next image forming process is performed without performing
the process of removing an electric charge on the front sur-
face.

The intermediate transfer belt 409 is supported to have a
tension by a driving roller 406, a back surface roller 408, and
a supporting roller 407, and rotates without generating a
deflection by the rotation of these rollers. In addition, a sec-
ondary transfer roller 413 is disposed to come into contact
with the back surface roller 408 via the intermediate transfer
belt 409. The intermediate transfer belt 409 which passes
through a position which is nipped between the back surface
roller 408 and the secondary transfer roller 413 repeats the
next image forming process after being cleaned by a cleaning
blade 416 which is disposed facing the driving roller 406.

In addition, a container 411 which accommodates the
recording medium is provided inside the housing 400. After a
recording medium 500, such as a paper sheet in the container
411, is moved to a position which is nipped between the
intermediate transfer belt 409 and the secondary transfer
roller 413, and further moved to a position which is nipped
between two fixing rolls 414 which are in contact with each
other by a transporting roller 412, the recording medium 500
is extracted to the outside of the housing 400.

A case where the intermediate transfer belt 409 is used as
an intermediate transfer body is described above. However,
the intermediate transfer body may be in a belt shape like the
above-described intermediate transfer belt 409, and may be in
a drum shape. In a case of a belt shape, as a resin material
which constitutes a base material of the intermediate transfer
body, a known resin is used. For example, the resin material,
such as a blend material including polyimide resin, a poly-
carbonate resin (PC), a polyvinylidene fluoride (PVDF), a
polyalkylene terephthalate (PAT), ethylene tetrafluoroethyl-
ene copolymer (ETFE)/PC, ETFE/PAT, and PC/PAT, a poly-
ester, a polyetheretherketone, or a polyamide, and the resin
material which has these materials as a main raw material,
may be employed. Furthermore, the resin material and an
elastic material may be blended and used.

In addition, the recording medium according to the exem-
plary embodiment is not particularly limited if the recording
medium is a medium which transfers the toner image formed
on the image holding member.

Process Cartridge

A process cartridge of the exemplary embodiment includes
the charging unit which has the charging roll according to the
exemplary embodiment, brings the charging roll into contact
with the front surface of the image holding member, and
charges the image holding member. The process cartridge is
configured to be attached to and detached from the image
forming apparatus.

FIG. 8 is a schematic view illustrating an example of a
basic configuration of the process cartridge according to the
exemplary embodiment. As illustrated in FIG. 8, the process
cartridge according to the exemplary embodiment is a process
cartridge 102 which includes an image holding member
(electrophotographic photosensitive body) 10 and the charg-
ing roll 121 according to the exemplary embodiment, in a case
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24 which is provided with an opening portion 24 A for expo-
sure, an opening portion 24B for destaticizing exposure, and
an attached rail 24C, and which is configured to hold the
charging device 12 that brings the charging roll 121 into
contact with the front surface of the image holding member
10 and charges the image holding member 10, a developing
device 16 that develops a latent image formed by an exposure
device 14 by the toner and forms the toner image, and a
cleaning device 20 which removes residual toner on the front
surface of the image holding member 10 after transferring, by
combining these to be integrated. The process cartridge 102 is
installed to be free to be attached to and detached from an
image forming apparatus 101. In addition, the image forming
apparatus 101 according to the exemplary embodiment is
configured to have a fixing device 22 which fixes the toner
image transferred to a recording medium P by a transferring
device 18.

EXAMPLE

Hereinafter, the present invention will be described in more
detail based on Examples and comparative examples, but the
present invention is not limited to the following Examples.

Example 1
Making Charging Roll

Making Elastic Layer

After kneading a mixture (rubber composition) of a com-
position illustrated in Table 1 by a kneader, and molding by
applying a conductive adhesive to the front surface of the core
body which has 8 mm of diameter electrolessly nickel-plated
to SUM 22 and forming a rubber composition layer on a
surface of the conductive adhesive by using a cross head
extruder of FIG. 4, vulcanization of the rubber composition
layer using a press molding machine is performed, and the
elastic layer in a roll shape having 13 mm of outer diameter is
formed on the front surface of the core body.

The elastic layer which is formed on the front surface ofthe
core body is cut by 17.5 mm of length in the axial direction of
the core body from each end surface and removed. By cham-
fering the outer each edge portion on both end surfaces by
C1.5 after cutting, and by polishing, the end portion increase
amount in both end portions is adjusted to be equal to or less
than 0.4 mm.

After this, the elastic layer having 12 mm of outer diameter
is obtained by polishing.

TABLE 1

Configuration

material of Mixing amount

elastic layer Name of compound (parts by weight)
Elastic layer Epichlorohydrin rubber 95.6
Nitrite butadiene rubber 4.4
Conducting agent Benzyltriethylammonium chloride 0.9
Carbon black 15
Vulcanizing agent Sulfur 0.5
Vulcanization Tetramethy! lithium disulfide 1.5
accelerator Dibenzo thiasol disulfide 1.5
Filler Calcium carbonate 20
Vulcanization Stearic acid 1

accelerator

Making Front Surface Layer

By diluting a mixture of the following composition by
methanol and dispersing the mixture by a bead mill, the
dispersion liquid for forming the front surface layer is
obtained.
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Next, after performing dip coating of the dispersion liquid
for forming the front surface layer on the front surface of the
conductive elastic layer which is formed on the outer circum-
ferential surface except both end portions of the core body,
heat drying is performed for 30 minutes at 145° C., and the
front surface layer having 10 um of thickness is formed.

Solid Content Composition of Dispersion Liquid for Form-
ing Front Surface Layer

Resin 100 parts by weight

(N-methoxymethylated nylon: F30K, made by Nagase

ChemteX Corporation)
Conductive particle (Conductive filler) 40 parts by weight
(Nicabeads PC0520, made by Nippon Carbon Co., Ltd.,
volume average particle system: 6.7 um, average round-
ness: 0.95)

Conducting agent 17 parts by weight

(Carbon black MONAHRCH 1000, made by Cabot Cor-

poration, volume average particle diameter: 43 nm)

Catalyst 4.4 parts by weight

(NACURE4167, made by King Industries Inc.)

Measurement of Maximum End Portion Increase Amount

By dividing the outer circumferential surface of the front
surface layer by 20 and using ROLL2000 made by Asaka
Riken Co., Ltd., the outer shape (outer diameter) of the front
surface layer along the axial direction in each region divided
in the circumferential direction is measured. As illustrated in
FIG. 2, the approximation curve (quadratic curve) which
extends from the outer curve in the region excluded 50 nm
from each end surface of the front surface layer in the axial
direction up to both end portions of the front surface layer, is
obtained. Next, in both end portions of the front surface layer,
as illustrated in FIG. 3, an increase amount (end portion
increase amount) of the outer curve with respect to the
approximation curve, is obtained.

The end portion increase amount is obtained as described
above in each region which is divided in the circumferential
direction. A maximum value of the end portion increase
amount in both end portions of the front surface layer is the
“maximum end portion increase amount”.

Measurement of Coefficient of Friction of End Portion

The coefficient of friction of the outer circumferential sur-
face in both end portions of the front surface layer of the
manufactured charging roll is measured by the following
device and conditions. The coefficient of friction is measured
across the entire circumferential direction by pressing a sap-
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phire probe by applying weight to the position showing the
maximum end portion increase amount of the end portion
outer circumferential surface of the front surface layer of the
charging roll and by rotating the charging roll.

Machine used: TRIBOGEAR TYPE: HHS2000 of Shinto
Scientific Co., Ltd.

Measurement Condition

Charging roll: outer diameter ¢ 12 mm

Charging roll rotation speed: 1 rpm

Probe weight: 10 gf

Making Charging Roll Cleaning Member

Urethane foam is stuck to the core body which is nickel-
plated by the SUM22 having ¢ 6 mm of outer diameter ¢, by
using a hot-melt adhesive. After this, by processing the outer
diameter to have ¢ 10 mm by a grinding process, the charging
roll cleaning member is made.

Evaluation

The charging roll and the charging roll cleaning member of
Example 1 is combined with the process cartridge of Docu-
Centre IV C5575 made by Fuji Xerox Co., Ltd., a polyimide
tape is adhered to a bearing part of the charging roll cleaning
member, rotation of the charging roll cleaning member is
interrupted, and as a result, the charging roll is put to stop. In
this state, when the image holding member rotates at 255
mm/s of circumferential speed, the circumferential speed of
the charging roll is adjusted to be approximately 30% (75
mm/s), and a continuous rotation test is performed for 20
minutes.

Examples 2 to 11, Comparative Examples 1 to 4

The elastic layer is formed similarly to Example 1 except
that the maximum end portion increase amount is adjusted by
chamfering after cutting both end portions and changing each
condition of polishing, in making the elastic layer in Example
1.

Next, the front surface layer is made similarly to Example
1 except that the coefficient of friction is adjusted by changing
the mixing amount of the conductive particles as illustrated in
the following Table 2, in making the front surface layer in
Example 1.

By using the charging roll made in each Example and each
comparative example, the evaluation is performed by a simi-
lar method as that in Example 1.

Evaluation result is illustrated in Table 2.

TABLE 2

Mixing amount of

Coefficient of Variation amount in

conductive particles Maximum  friction of end circumferential Generation
in front surface layer  end portion portion direction of coefficient of damage
(resin 100 parts by increase (maximum  of friction of end of end
weight) amount (um) value) portion (%) portion
Example 1 40 parts by weight 40 0.27 30% No
Example 2 40 parts by weight 30 0.20 10% or less No
Example 3 40 parts by weight 20 0.20 10% or less No
Example 4 40 parts by weight 10 0.20 10% or less No
Example 5 40 parts by weight 5 0.20 10% or less No
Example 6 10 parts by weight 40 0.20 20% No
Example 7 10 parts by weight 30 0.20 10% or less No
Example 8 10 parts by weight 20 0.20 10% or less No
Example 9 10 parts by weight 10 0.20 10% or less No
Example 10 10 parts by weight 5 0.25 10% or less No
Example 11 10 parts by weight 60 0.22 10% or less No
Comparative 10 parts by weight 30 0.27 40% Yes
example 1
Comparative 10 parts by weight 20 0.27 40% Yes
example 2
Comparative 10 parts by weight 80 0.22 10% or less Yes
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TABLE 2-continued

18

Mixing amount of

Coefficient of Variation amount in

conductive particles Maximum  friction of end circumferential Generation
in front surface layer  end portion portion direction of coefficient of damage
(resin 100 parts by increase (maximum  of friction of end of end
weight) amount (um) value) portion (%) portion
example 3
Comparative 60 parts by weight 40 0.32 50% Yes
example 4

Regardless of the coefficient of friction of the end portion
of the front surface layer, when the end portion increase
amount (maximum value) exceeds 60 um, the elastic layer is
damaged. In addition, even when the end portion increase
amount is equal to or less than 60 pm, in a case where the
variation amount of the coefficient of friction in the end
portion circumferential direction exceeds 30%, it is con-
firmed that the front surface layer is damaged.

Meanwhile, if the end portion increase amount (maximum
value) of the front surface layer is equal to or less than 60 um,
the coefficient of friction of the outer circumferential surface
in both end portions of the outermost layer is equal to or less
than 0.3, and the variation amount ofthe coefficient of friction
in the circumferential direction is equal to or less than 30%,
the front surface layer is not damaged.

The foregoing description of the exemplary embodiments
of'the present invention has been provided for the purposes of
illustration and description. It is not intended to be exhaustive
or to limit the invention to the precise forms disclosed. Obvi-
ously, many modifications and variations will be apparent to
practitioners skilled in the art. The embodiments were chosen
and described in order to best explain the principles of the
invention and its practical applications, thereby enabling oth-
ers skilled in the art to understand the invention for various
embodiments and with the various modifications as are suited
to the particular use contemplated. It is intended that the
scope of the invention be defined by the following claims and
their equivalents.

What is claimed is:

1. A charging roll, comprising:

a core body in a cylindrical shape or in a columnar shape;
and

an elastic layer that is disposed on an outer circumferential
surface of the core body in a cylindrical shape,

wherein, when measuring an outer shape of an outermost
layer along an axial direction of the core body, with
respect to an approximation curve that extends an outer
curve of the axial direction of the core body of an outer
circumferential surface in a region other than both end
portions of the outermost layer up to both end portions of
the outermost layer, a maximum increase amount of the
outer curve in both end portions of the outermost layer is
equal to or less than 60 pm,

wherein a coefficient of friction of the outer circumferen-
tial surface at a position showing the maximum increase
amount of the outer curve in both end portions of the
outermost layer is equal to or less than 0.3, and a varia-
tion amount of the coefficient of friction in a circumfer-
ential direction is equal to or less than 30%, and

wherein each of the end portions of the outermost layer is
a region within 50 mm in the axial direction of the core
body from each axial end of the outermost layer, and the
region other than both end portions is a region of a center
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part except the regions within 50 mm in the axial direc-
tion of the core body from each axial end of the outer-
most layer.

2. The charging roll according to claim 1,

wherein the maximum increase amount of the outer curve
in both end portions of the outermost layer is equal to or
less than 40 pm.

3. The charging roll according to claim 1,

wherein the maximum increase amount of the outer curve
in both end portions of the outermost layer is equal to or
less than 30 pm.

4. The charging roll according to claim 1,

wherein the coefficient of friction of the outer circumfer-
ential surface at the position showing the maximum
increase amount of the outer curve in both end portions
of the outermost layer is equal to or less than 0.2.

5. The charging roll according to claim 1,

wherein a variation amount of the coefficient of friction in
the circumferential direction is equal to or less than 20%.

6. The charging roll according to claim 1, further compris-
ing:

a front surface layer that is disposed on the elastic layer as

the outermost layer.

7. A process cartridge that is attached to and detached from
an image forming apparatus, the process cartridge compris-
ing:

the charging roll according to claim 1.

8. The process cartridge according to claim 7, further com-
prising:

a cleaning member that cleans the outer circumferential
surface of the charging roll by coming into contact with
the outer circumferential surface of the charging roll,
and rotating according to rotation of the charging roll.

9. An image forming apparatus, comprising:

an image holding member;

a charging unit that includes the charging roll according to
claim 1 and charges the image holding member by bring-
ing the charging roll into contact with a front surface of
the image holding member;

an electrostatic charge image forming unit that forms an
electrostatic charge image on a front surface of the
charged image holding member;

a developing unit that accommodates an electrostatic
charge image developer and develops the electrostatic
charge image formed on the front surface of the image
holding member as a toner image, by using the electro-
static charge image developer,

a transferring unit that transfers the toner image formed on
the front surface of the image holding member to a front
surface of a recording medium; and

a fixing unit that fixes the toner image transferred to the
front surface of the recording medium.

10. The image forming apparatus according to claim 9,

further comprising:
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cleaning member that cleans an outer circumferential
surface of the charging roll by coming into contact with
the outer circumferential surface of the charging roll,
and rotating according to rotation of the charging roll.
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